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Introduction
Isopropyl nitrite belongs to a class of compounds called alkyl 
nitrites or nitrite esters that cause oxyhemoglobin to undergo 
oxidation, i.e. the iron (II) in the hemoglobin loses an electron to 
become iron (III) and cannot carry oxygen to the tissues and is 
therefore useless in oxygen transport to the tissues. Nitrites are 
compounds that have long been known to induce this oxidation 
reaction. Any number of nitrite esters such as ethyl nitrite, 
isopropyl nitrite, butyl nitrite, pentyl nitrite and hexyl nitrite are 
used as inhalants known as poppers. They are easily obtained 
and overuse can cause side effects such as tachycardia, migraine 
headaches, fainting and dizziness. Isopropyl nitrite poppers can 
cause Maculopathy. Collectively, it has been discovered that 
alkyl nitrites may induce neurotoxicity which mainly impacts 
learning and memory function. If swallowed poppers can cause 
cyanosis followed by death due to too much methemoglobin 
because the hemoglobin can no longer transport the amount of 
oxygen required by the tissues which is a condition referred to 
as acquired Methemoglobinemia. Because of the wide usage of 
these nitrite esters especially isopropyl nitrite for recreational 
consumption coupled with side effects arising from their use a 
comparative study of Diabetes blood vs. normal blood appears 
warranted [7-18].

The goal of these studies is to help establish that people with type 
2 diabetes mellitus have a greater risk of enhanced methemoglobin 
formation by alkyl nitrites compared with normal (nondiabetics) 
blood. To this end statistical methods can be employed to identify 
the ‘at risk’ group, e.g., diabetics, by using Student’s t-test. 
This could later be followed by the requisite ad hoc statistical 
tests including linear regression analysis and the coefficient of 
determination calculation provided the Diabetes blood first showed 
an enhanced susceptibility to oxidation by isopropyl nitrite. All 
of this would then provide supportive reasons to indicate that 
alkyl nitrite use in any form should be avoided for diabetics. In 
this particular study isopropyl nitrite will be investigated to see 
how its properties correspond to other alkyl nitrites that have been 
previously investigated so as to obtain a more comprehensive 
understanding of the enhanced susceptibility of Type 2 Diabetes 
blood to alkyl nitrites.

Materials and Methods
Isopropyl nitrite was purchased from Win-Win Chemical CO, 
Limited. Other required chemicals were obtained from the 
Sigma and Aldrich Chemical Company. Blood products such 
as normal adult blood and Diabetes blood were purchased from 
Physicians Plasma Alliance (PPA). All subjects who participated 
in the studies gave voluntary informed consent. PPA identified 
the source of Diabetes blood as being from patients with type 2 
diabetes mellitus. The procedures followed by PPA for this sample
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ABSTRACT
The effect of isopropyl nitrite on human Type 2 Diabetes blood was undertaken using non diabetics blood as the control group. The differences in patient 
characteristics such as the mean ages and weights of the two groups were not statistically significant (P>0.05), and the ratios of non-smokers to smokers 
were similar meaning that the two groups were well matched. These studies revealed that diabetics erythrocytes with a mean HbA1C value ± SEM of 11.4 
± 0.27% were oxidized at a significantly greater rate than that of the control blood (P<0.05). The isopropyl nitrite mean oxidation time ± SEM of diabetics 
blood was 1.5 ± 0.05 min (n = 20). For the nondiabetics blood a mean HbA1C ± SEM value of 5.5 ± 0.08% was obtained with a mean oxidation time ± 
SEM of the non-diabetics blood of 4.6 ± 0.13 min (n=20). These studies demonstrate that Diabetes blood has an enhanced susceptibility of oxidation into 
methemoglobin by isopropyl nitrite compared to its respective control group, i.e., the normal blood. This finding could be attributed to the fact that isopropyl 
nitrite is a nitrite ester which contains a saturated three hydrocarbon chain similar to other analogous nitrite esters (ethyl nitrite, butyl nitrite, pentyl nitrite 
and hexyl nitrite) which also contain saturated hydrocarbon chains that previously showed a statistically significant increased oxidation time for diabetics 
blood (P<0.05) [1-6]. Thus this study confirms that the difference in the number of methylene molecules has no impact on the rate of oxidation on either 
diabetics blood or nondiabetics blood (P>0.05). These findings also imply that the increased susceptibility to isopropyl nitrite induced oxidation reaction 
in diabetics blood is a direct function of the amount of HbA1C present in the blood, i.e., a clear inverse relation appears to exist between the amount of 
HbA1C present and the oxidation time.
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collection study were in accordance with the ethical standards of 
the Hummingbird IRB Protocol wherein all subjects used in these 
studies gave voluntary informed consent. All blood was tested 
and certified to be non-viral by PPA. For these studies the data 
was obtained from 40 donors 20 of whom had type 2 diabetes 
mellitus and 20 of whom were nondiabetics. In Tables 1 and 2 the 
characteristics of the patients used in these studies are presented,

i.e., HbA1C percentage, age, gender, weight, smoker status and 
oxidation times (in min). All blood was drawn into ACD tubes 
and stored at 2-4 C prior to use. The Hemoglobin A1C (HbA1C) 
percentages were determined using a Bayer DCA-2000 test kit. 
Diabetes was assessed as a HbA1C percentage greater than 6.5% 
[19].
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A laboratory spectrophotometer equipped with a strip chart 
recorder was employed to monitor the formation of methemoglobin 
at 436 nm. A small table top centrifuge was used to separate 
plasma from the red blood cells. To determine the oxidation time’s 
blood samples were centrifuged for 2000g for 20 min to remove 
any remaining plasma. The remaining packed Red Blood Cells 
(RBCs) were aerated and washed in 20 mM Phosphate Buffer 
Saline (PBS) at pH 7.2 followed by another centrifugation to 
remove the saline. This procedure of centrifugation, aeration 
and washing was repeated. The RBCs were then resuspended in 
20 mM PBS (pH 7.2) for a maximum of 60 min prior to testing. 
A 0.01 mL portion of resuspended RBCs was hemolyzed by 
the addition of 1.0 mL of distilled water and adjusted to a final 
volume of 2.6 mL by the addition of 20 mM PBS (pH 7.2). The 
hemoglobin solutions were then adjusted to a standard absorbance 
(e.g., A = 1.0 ± 0.2) at a wavelength of 436nm with more 20 mM 
PBS (pH 7.2). The 2.6 mL aliquot of this hemoglobin solution 
was then added to a 0.05 mL aliquot of 0.1% isopropyl nitrite 
in ethanol solution. A final concentration of 215 μmol/L was 
obtained after its addition to the hemoglobin solution. In both 
studies the above gave a final hemoglobin concentration between 
6 and 9 μmol/L. All of the above solutions were then placed 
in cuvettes and the reaction measured in a spectrophotometer 
equipped with a chart recorder set at a wavelength of 436 nm. 
This is a suitable wavelength for measuring and distinguishing 
oxyhemoglobin and methemoglobin. The spectrophotometer chart 
recorder then generated graphic representations of the conversion 
of oxyhemoglobin into methemoglobin as a function of time. The 
terminal period or asymptotic phase corresponds to essentially 
100% methemoglobin formation. The final absorbance was found 

to be approximately A = 0.5 ± 0.1. All hemoglobin oxidation 
times (in min) obtained have been included in Tables 1-2 for these 
samples. According to Colton the appropriate test to use for these 
data is the Student’s t-test for independent samples. The data were 
analyzed using an Excel spreadsheet on a Microsoft computer. 
The significance level has been considered to be P< 0.05 [20-21].

Results
Diabetic samples all had HbA1C values >6.5% as is presented in 
Table 1. The normal samples as presented in Table 2 were assessed 
as nondiabetic because HbA1C values of <6.5% were obtained. 
Student’s t-test for independent samples has revealed that the 
HbA1C values likely to belong to totally different populations, 
i.e., diabetic vs. nondiabetic, because we can now reject the null 
hypothesis. For the isopropyl nitrite studies the findings of the 
HbA1C percentages revealed that the Diabetes blood mean ± 
standard error of the mean (SEM) was 11.4 ± 0.27%, while that 
of the non diabetics blood had a mean ± SEM of 5.5 ± 0.08%. 
Thus, the percentage differences between the two populations was 
statistically significant (P<0.05), and this means that these two 
populations are good groups on which to undertake the alkyl nitrite 
oxidation studies as is shown in the column comparison of the 
means ± SEM in Figure 1. For isopropyl nitrite the mean oxidation 
time of the Diabetes blood ± SEM was 1.5 ± 0.05 min whereas
the mean oxidation times of the non-diabetics blood ± SEM was 
4.6 ± 0.13 min as shown in the column comparison of the mean 
± SEM in Figure 2. Based on an independent Student’s t-test, the 
time taken for diabetics erythrocytes to undergo oxidation was 
significantly shorter (P<0.05) than the no diabetic controls.
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Figure 1: Column Comparison of Means for the Percent Hba1c 
of the Hemoglobin of Diabetics and Non Diabetics Blood Used 
In the Isopropyl Nitrite Studies

Figure 2: Column Comparison of Means for the Oxidation Times 
of the Hemoglobin of Diabetics and Non-Diabetics Blood by 
Isopropyl Nitrite

The mean weight ± SEM of the diabetic patients in this study was 
242.1 ± 14.9 with a standard deviation of 66.4, while nondiabetics 
mean weight was 214.5 ± 13.6 with a standard deviation of 60.8. 
Thus the difference in the mean weights of the diabetics vs. 
nondiabetics is not statistically significant (P>0.05). Likewise, the 
ages of the diabetics vs. nondiabetics is not statistically significant 
(P>0.05), i.e., 41.3 ± 2.3 (σ = 10.2) vs. 45.2 ± 2.8 (σ = 12.4). 
Thus, these aforementioned variables did not appear to influence 
the above findings. Also the ratios of non-smokers to smokers 
were quite similar (15:5 for diabetics vs. 14:6 for nondiabetics) 
meaning that the two groups were well matched. Thus, these 
aforementioned variables did not appear to influence the above 
findings.

Discussion
Interestingly, the enhanced susceptibility to isopropyl nitrite 
induced oxidation reactions occurred in Type 2 diabetics blood 
illustrates that HbA1C oxidation to methemoglobin is a direct 
function of the amount of HbA1C present as opposed to metabolic 
differences in the type 1 and type 2 diabetes, i.e., a clear inverse 
relation appears to exist between the amount of HbA1C present 
and the oxidation time. Hence, any untreated diabetic simply has 
a greater percentage of HbA1C than a non-diabetic, e.g. 11.4% 
vs. 5.5%, as is shown in Figure 1 [22].

Mousse found that Methemoglobin formation by autoxidation 
was significantly higher from HbA1C than from the non Glycated 
HbA0. After the glycosylation of HbA0 occurs the end product 
of this irreversible rearrangement reaction yields a permanently 
altered molecule known as HbA1C which has been reported to be 
a less stable molecule than HbA0. Compared to HbA0, HbA1C 
undergoes faster autoxidation. In addition Glycation of hemoglobin 
results in modifications of this molecule. Namely, the alpha 
helix content is reduced and more tryptophan residues become 

accessible to the surface. This results in increased thermolability 
as well as weakened heme globin linkages in HbA1C vs. HbA0. 
FTIR spectral analysis revealed elevated HbA1C levels caused 
secondary structural modifications that led to decreased structural 
stability in diabetics whose HbA1C was ≥ 9.0%. These changes are 
reported to lead to enhanced oxidative stress in diabetics [23-25].
Thus, these preliminary findings with isopropyl nitrite indicate that 
diabetics have hemoglobin that exhibit greater oxidative stress to 
alkyl nitrite owing to a higher percentage of HbA1C. Moreover, 
this is reinforced by earlier studies wherein other alkyl nitrites 
such as ethyl nitrite, butyl nitrite, pentyl and hexyl nitrite all 
gave equivalent results with Type 2 diabetics blood [1-6]. These 
similar findings could be attributed to the fact that these nitrite 
esters differ only in the type of alkyl group present. Whether there 
are two, three, four, five or six saturated carbons attached to the 
esters oxygen makes no difference in terms of these compound’s 
ability to induce enhanced Methemoglobin formation in Type 2 
diabetics blood.

Conclusion
The present study shows a statistically significant enhanced 
hemoglobin oxidation time for type 2 Diabetes blood. This 
relationship between methemoglobinization time with HbA1C 
values for diabetics blood vs. normal blood using Student’s t-test 
for independent samples was found to be statistically significant 
(P<0.05). This implies that Methemoglobinization is an important 
indicator for oxidative stress in diabetic’s blood and makes any 
use of alkyl nitrites to be avoided by diabetics since their blood 
much more easily undergoes conversion from oxyhemoglobin 
to methemoglobin than with nondiabetics. The strength of these 
findings are that they apply to human blood samples of diabetics 
and normal individuals, i.e., the in vitro findings are clear cut. 
Nevertheless, this does not necessarily prove these findings would 
be the same in vivo.
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